Databases catalogue the corpus of research literature into scientific categories and report classes of bibliometric data such as the number of citations to articles, the number of authors, journals, funding agencies, institutes, references, etc. The number of articles and citations in a category are gauges of productivity and scientific impact but a quantitative basis to compare researchers between categories is limited. Here, we compile a list of bibliometric indicators for 236 science categories and citation rates of the 500 most cited articles of each category. The number of citations per paper vary by several orders of magnitude and are highest in multidisciplinary sciences, general internal medicine, and biochemistry and lowest in literature, poetry, and dance. A regression model demonstrates that citation rates to the top articles in each category increase with the square root of the number of articles in a category and decrease proportionately with the age of the references: articles in categories that cite recent research are also cited more frequently. The citation rate correlates positively with the number of funding agencies that finance the research. The category ℎ-index correlates with the average number of cites to the top 500 ranked articles of each category ( 2 = 0.997). Furthermore, only a few journals publish the top 500 cited articles in each category: four journals publish 60% ( = ±20%) of these and ten publish 81% ( = ±15%).
Introduction
Bibliometric indicators contribute to ranking universities (Kinney, 2007 , Moed, 2017 , researchers (Hirsch, 2005 , Verma, 2015 , and journals (Garfield, 2006) , and funding decisions for institutes and governments Daniel, 2008 ). An individual's citation count and ℎ-index, and the impact factor of the journal's that publishes their work provide input to awards and promotion committees. However, when these committees examine diverse dossiers and compare prestige and productivity between categories, they have little quantitative metrics to substantiate their decisions. Ranking criteria include alumni, awards, highly cited individuals, the number of articles in the Science Citation Index-Expanded and Social Science Index, and articles published in Science and Nature (ARWU, 2016) . Citation counts are the basis of several bibliometric indicators-ℎ-index, impact factor ( IF ), eigen factor, and -index. The ℎ-index equals the rank of an article (ordered from the most cited article to the least cited), ℎ, for which it has been cited at least that often (Hirsch, 2005) . But these indicators are unhelpful when comparing an engineer versus a scientist or a poet and a cinematographer. Furthermore, because of the disproportionate weighting of the IF as a means to measure the quality of an article, the San Francisco Declaration on Research Assessment recommended that it not be used for hiring, promotions or funding decisions (Cagan, 2013) . Many journals accept their recommendations and now report the (SNIP), SCImago Journal Rank (SJR) and a five-year impact factor ( IF,5 ) together with IF . The SNIP considers a three-year window and corrects for a fields average number of references in papers (Moed, 2010, Leydesdorff and Opthof, 2010) .
Google Scholar groups journals into scientific categories and then ranks them according to an ℎ 5 -index: the number of articles in the previous five years with that number of citations (Braun et al., 2006) . The most common ranking system is the Journal Impact Factor ( IF ) that represents the ratio of the number of citations in years − 1 and − 2 to the number of articles the journal publishes in year . The number of citations is a proxy to an article's quality (Ebadi and Schiffauerova, 2016) ; however, since citations practices differ widely across scientific categories, many researchers question their validity as an evaluation metric (Bornmann and Daniel, 2008 , Adler et al., 2009 , MacRoberts and MacRoberts, 1996 . Indeed, comparing productivity and prestige across scientific fields is dubious without criteria that represent substantial contribution. Still, national research evaluation agencies base their judgment criteria on the number of citations (Radicchi and Castellano, 2012 , Abbott, 2009 , Gilbert, 2009 . Normalizing citations corrects for differences in citation rates between categories (Radicchi and Castellano, 2012 , Colliander and Ahlgren, 2011 , Waltman and van Eck, 2013 , Kaur et al., 2013 . Fractional citation counting apportions credit based on the number of authors of an article and is one method to account for differences in researchers citation counts between scientific categories (Garfield, 1979 , Moed, 2010 . Combining fractional counting with percentile ranks (Leydesdorff and Opthof, 2010 ) may be a superior indicator of a researchers. Relative impact indicators for mean citations compare journal papers between fields (Schubert and Braun, 1986 , Vinkler, 2003 .
Here we compare the citation practices of the scientific categories in Web of Science TM Core Collection (2015) TM (WoS). First we describe the database, then demonstrate how the number of citations, cit , varies as a function of bibliometric factors-number of articles per category, number of authors per article (for the 500 most cited), age of the references in these articles, number of institutions financing the research and factors related to journals that publish the research. We demonstrate that the number of articles and the age of the references explain more variance in the citation rates of the 500 most cited articles in each category than do the number of references and the number of authors. This premise compares elite articles from each of the categories and implies that the 500 most cited articles of each have the same quality, which exaggerates the differences between a category that has 300 000 articles and one that has 5000. It attributes scientific advances to research that is cited most. Rather than the top 500, future work will compare 500 articles from each category starting from the 10% or the 25%.
Methods
From 2010 to 2014, Web of Science Core Collection (WoS) (Web of Science TM Core Collection, 2015) indexed 11.9 million documents into 251 scientific categories. Researchers in the pure sciences, engineering and medicine publish more work indexed by WoS compared with the humanities, social sciences and fine arts.
Within these broad scientific fields and subfields, publication and citation rates vary widely, which complicates comparing the researchers, category, journal or institutes, productivity and impact (Waltman and van Eck, 2013) . Since the citation patterns vary with document type (Radicchi and Castellano, 2012) , we only consider the 6.5 million publications that WoS classifies as articles and ignore all other types (reviews, papers in proceedings, meeting abstracts, etc.).
In the beginning of January, 2016, we downloaded the WoS 500 most cited articles from each of the 251 categories. Following Crespo et al. (2010) , we consider that citations represent intrinsic scientific value and the culture of the scientific field.
Since the database has the top 500 articles in each category, we consider that differences in citation rates within these categories are due entirely to bibliometric factors and not quality or scientific impact. The WoS citation index compiles data from 12 000 journals. It assigns many of these articles to more than one category such that the sum of the total number of articles is 11.3 million (although the overall total number of articles is only 6.5 million): 304 journals have articles that are duplicated in two categories, 68 are assigned to 3 categories, 16 to 4 categories and 4 journals to 5 categories. The first several dozen articles in as many as 20 categories have uncharacteristically high citations. The paper with 18103 citations inflates the mean category average of biochemistry molecular biology, genetics heredity, and evolutionary biology by 36. To reduce the variability introduced by these highly cited articles, we set ̄c it equal (Redner, 1998) to the average number of citations to papers ranked from 31 to 500. ℎ cat
The category ℎ-index considers a five-year period (2010 to 2014) and equals the number of articles in a category, ℎ, that have been cited at least ℎ times: Multidisciplinary materials science, multidisciplinary chemistry, multidisciplinary sciences and general internal medicine all have at least 300 articles that have been cited more than 300 times (ℎ cat > 300); literary reviews, romance literature and classics have less than 10 papers that have been cited 10 times (ℎ cat < 10).
IF
The mean weighted average of the IF (2014) of the 10 journals that publish the most cited papers in each category:
where is the number of articles the th journal publishes ( = 1, 10). The Weibull distribution characterizes the relationship between the cumulative number of references, ( ), and their age, , the difference between the year the journal published the article and when the reference was published (Patience et al., 2015) :
where is the scale parameter: 63% of the references are younger than .
As many as 85 categories cite at least one article older than 300 y and 8 categories cite more than 100 articles older than that (the number of reference articles older than 300 y are in parentheses): classics (687) 
Results
The ℎ-index links productivity of individuals with the citation history of their published articles. It prejudices young researchers and individuals who publish in categories with low citation rates. Modifications to improve the ℎ-index include fractional counting (Leydesdorff and Opthof, 2010) , normalizing citations, correcting for the dimensionality of the ℎ-index with a conversion factor (Dienes, 2015) . An ℎ cat minimizes the pitfalls associated with the individual ℎ-index; it is an aggregate value that applies to all researchers for the same 5-year period. It is a measure of productivity and correlates with the number of researchers in a field, which reflects the priority that society attributes to specific scientific categories.
For instance, the ℎ cat (2010-2014) of multidisciplinary sciences is 367: 367 articles between 2010 and 2014 were cited at least 367 times as of January 2016. It was only 3 for Slavic Literature.
The average of the number of citations to the top 500 papers per categories, ̄c it , correlates with ℎ cat (Figure 1) :
Iglesias and Pecharromán (2007) A power law model fits the average citation rates of articles ranked from 31-100 better than those ranked from 1-30. The correlation coefficient is 2 = 0.997 for the articles ranked from 31-500.
Eq. (3) specifically applies to the article rank from 31 to 500. For the articles ranked from 31 to 100, the data are displaced to the right slightly (the coefficient increases) but the slope of the line is the same and slightly higher than the Eq. (4). In fact, considering any series of articles with the same rank-100 to 200, 200 to 300, 300
to 500-only the coefficient changes but the exponent is essentially constant and 2 > 0.99. However, for the most highly cited papers, ranked 1 to 30, for example, many categories deviate substantially from the regression line (circles to the right).
Such articles in these categories represent the substantial fluctuations (Redner, 1998) characteristic of the extremes of the bibliometric citation data. Coincidentally, they share the most highly cited papers.
Whereas the ℎ cat increases to the power 0.71 with respect to ̄c it , how does the category average impact factor, ̄I F , vary with ̄c it ? The impact factor for a given year, is:
Recall that the category impact factor is the weighted average IF of the top 10 journals that publish the 500 most cited articles. Finardi (2013) reported that IF are poorly correlated with cit but differences among scientific areas exist. By restricting our analysis to the most highly cited papers, we evaluate the differences between areas and find that ̄I F increases linearly with citations, but more preciselȳc it (Figure 2) :
IF is greater than 25 for general internal medicine (50), multidisciplinary sciences (36), and cell biology (26) (Appendix). It is below 0.5 for literary theory criticism, romance literature, classics, theater, and Asian studies. The categories that deviate 
Discussion
Both the ℎ cat and ̄I F correlate with citation rates and are useful metrics to compare research field as an addition factor that contributes to citation frequency, which would include art and f und . Here we examine all four factors but assume that since we populate the database solely with the most cited articles, the research quality is equivalent across all categories. The article related aspects we consider are ref , and the number of articles WoS assigns to a category, art . The only journal related factor we consider is IF , as expressed by the parameter . We compared the percentage of women graduating from 141 scientific disciplines with the average number of citations in those disciplines and found no positive correlation, which agrees with other work (National Science Foundation, 2014, Rørstad and Aksnes, 2015) .
Other author related factors we examined include au and f und .
The number of articles in a category, art , is the single most important factor that correlates with ̄c it (SCImago Journal Rank, Zitt and Small, 2010). It decays exponentially with respect to the rank (Figure 3) . Articles in categories that cite proportionately more often than the number of articles that WoS assigns to Figure 3 . The total citation count to the top papers in a category (30 < ≤ 500), ̄c it , versus the rank of the number of papers assigned to this category (black line). The number of citations to the most cited papers for each category follows a similar trend (magenta hexagons). Several categories related to biology/medicine cite more frequently than the number of papers in these categories whereas the social sciences, the arts and some categories related to mathematics cite less frequently.
the category lie above the black line in Figure 3 (biological sciences-general internal medicine, peripheral vascular disease, cell tissue engineering, allergy and evolutionary biology). Cell tissue engineering, andrology and mathematical psychology are cited 3 times more than there are papers ( cit > 3 art ). Mathematics, nursing, religion, history, humanities and literature are among the categories that cite proportionately less often than the number of papers that they publish and fall below the line: History and literature reviews have 10 times more papers than citations ( cit < 10 art ). Assuming that the number of citations is directly proportional to the number of papers explains 64% of the variance: cit = 0.73 art ( 2 = 0.64).
The deviation between the highest number of citations and the lowest for a given art is about 3. Biological sciences and medicine related categories lie near the upper bound while humanities lie below the lower bound.
Equally important as art to explain the variance in the category ̄c it data is the average age of the references in the articles' bibliography, . The Weibull distribution accounts for more than 99.5% of the variance in the age distribution. It varies from 4 y (nanoscience nanotechnology and multidisciplinary materials science) to more than 20 y (classics, history of social sciences and romance literature), and averages 9 y over all categories. Categories with a lower will necessarily have journals with a higher IF since researchers cite recent articles. As many as 44% of the papers that researchers publish in multidisciplinary materials science are two years old or less while it is only 5% in classics. An inverse cubed relation accounts for 66% of the variance in the data: cit = 35000∕ 3 , 2 = 0.66 (7) Figure 4 . The average number of citations to the top ranked articles in a category 30 < ≤ 500, ̄c it , increases proportionately with the square of the number of authors and are bounded by two extremes ̄c it =̄2 au and ̄c it = 10̄2 au . Ten categories average more than 15 authors per category, which corresponds to hyperauthorship (red filled triangles) (Boffito et al., 2016) .
Besides the number of papers in a category and , the number of citations increases with the number of authors, au (Figure 4 ) (Abramo and D'Angelo, 2015, Glänzel and Thijs, 2004) . Authorship attributes credit to those that contribute to research. Through authorship, people accrue a reputation (Cronin, 2001) . Researchers in biosciences cite more often than architects and these varying citation practices render comparisons across scientific fields problematic (Crespo et al., 2010) . Articles in multidisciplinary physics, astronomy/astrophysics, particles fields physics and nuclear physics can have several hundred and even more than three thousand authors-hyperauthorship (Birnholtz, 2006 , Li et al., 2013 )-whereas literature, poetry, and history tend to have a single author. Ten categories exceed 15 authors per paper, which is indicative of hyperauthorship (Boffito et al., 2016) . Excluding hyperauthorship, papers average less than 5 authors per paper. Citations increase with the square of the number of authors per paper, with a 10-fold spread: 2 au <̄c it < 10 2 (8)
Model
Principal component analysis shows that no linear combination of all possible parameters accounts for the majority of the variance. However, a power law model including the prime factors accounts for 86% of the variance: ̄c it = 0 1 art̄2 au ∕ 3 . Excluding 12 categories related to psychology, business and management (Iglesias and Pecharromán, 2007) , the following expression accounts for 95% of the variance: The number of papers in a category and the age of the references in these papers account for most of the variance in ̄c it . The first term variable in the parenthesis, , represents the fraction of articles of the 500 most cited articles that the top 4 journals publish (Tables 1-8 ). This factor exceeds 0.97 for agricultural engineering, multidisciplinary sciences, neuroimaging and material sciences coatings, and is lower than 0.26 for literary criticism, classics, and management.
The second term variable, f und , accounts for the number of funding agencies that finance the research, which correlates with the number of authors-the correlation coefficient was lower with ̄a u versus f und . Considering that the SNIP (Source Normalized Impact per Paper) journal metric accounts for the average length of reference lists, it is surprising that this factor is insignificant for this data set (Leydesdorff and Opthof, 2010) . Presumably, funding agencies weigh their selection criteria heavily on the established publishing record of researchers, which reinforces the Matthew effect (Ebadi and Schiffauerova, 2016) .
Most categories lie within 33% of the regression line but the regression model consistently underestimates the citations to the psychology categories and it overestimates many of the fine arts categories and some of the chemistry categories ( Figure 5 ). 
Conclusions
Publishing a highly cited paper is gratifying and confirms that the work has an impact on the scientific community. However, the number of citations the top articles accrue depends on factors other than quality and originality. We tabulate bibliometric indicators for the top 500 cited articles of 236 scientific categories and include the average impact factors of the journals that publish the articles, the category ℎ-index and the total number of articles in each category. With this data, researchers, institutions and funding agencies can gauge their productivity and impact quantitatively.
Citation rates, ̄c it vary across research categories by several orders of magnitude as do the number of articles per category and the number of authors per article.
Categories with more articles and more funding are cited more. Other factors that correlate with citations include the age of the references, journal impact factor and funding agencies. We assume that ̄c it is related to bibliometric indicators and that 500 articles from categories with 100 000 articles (0.5%) are comparable to those with 5000 (10%). This comparison may exaggerate the differences between fields, but science endeavours that have orders of magnitude more researchers will have that much more impact.
Most categories are within 33% of the ̄c it regression equation. Other factors that may account for the difference may be related to the scope of the category.
For instance, many researchers outside of the psychology field may be citing psychology papers, which would increase the number of citations beyond what we expect based on the bibliometric indicators. The correlation overestimates the number of citations for nursing and many engineering categories: here, the citation patterns might be narrower as only the people in these fields cite one another.
A further limitation to the analysis relates to the limitations of WoS: coverage of the humanities, social sciences, business, and even mathematics are poorer than they are for natural sciences and health sciences. However, the number of funding agencies, which correlates with the number of authors (and the number of international collaborations), helps increase the visibility of research and its scientific impact.
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